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(54) Voice-and-data modem call-waiting 

(57) The call-waiting feature is supported on voice- 
and-data modems (22,25) by causing voice-and-data 
modems to go into voice-only mode upon receipt of the 
modem clear-down signal (352-354). A first voice-and- 
data modem (22) engaged in an initial voice-and-data 
call with a second voice-and-data modem (25) responds 
to receipt of a call-waiting signal by generating a replica 
of the call-waiting signal on the user's audio channel. 
The first modem responds to a user request (300) to pick 
up the waiting call by sending (306) the modem clear- 
down signal to the second voice-and-data modem, go- 
ing (312) into voice-only mode, and transmitting (314) a 
waiting-call acceptance signal. The initial call that is 
placed (332) on hold is thus a voice-only call. While in 
a voice-plus-data picked-up waiting call, the first modem 
responds to a user request to reinstate the initial call by 
again sending the modem clear-down signal, going into 
voice-only mode, and transmitting a call-resumption sig- 
nal. The first modem is thus in voice-only-mode when it 
is re-connected to the initial, voice-only, call. The re-con- 
nected initial call may now be re-converted into a voice- 
plus-data call in the conventional manner. 
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Description 

Technical Field 

This invention relates to modems, and specifically 
to telecommunications features provided by modems. 

Background of the Invention 

Communication of digital information -such as da- 
ta- over analog transmission links -such as telephone 
lines and trunks- is well known in the art. At the trans- 
mitting end of the link, a modem uses a representation 
of the digital information to modulate a carrier frequency 
and transmits the modulated carrier frequency on the 
transmission link. At the receiving end of the link, anoth- 
er modem demodulates the carrier frequency to retrieve 
the representation of the digital information, and recon- 
stitutes the digital information therefrom. The pair of mo- 
dems engage in a communication protocol that includes 
control signalling to set up and tear down the communi- 
cation connection over the link between them. 

Modems that handle only digital information are re- 
ferred to as data-only modems. In the recent past, voice- 
and-data modems have made their appearance. They 
create a voice communication channel alongside the 
data communication channel such that both channels 
appear as a single communication to the transmission 
facilities that interconnect the modems. The voice chan- 
nel is typically created by modulating a second carrier 
frequency with a representation of the voice signals. An 
illustrative example thereof is disclosed in U.S. Patent 
No. 5,081,647. An alternative voice-and-data modem 
implementation is digital, wherein the voice signals are 
encoded into digital form and the encoded voice and da- 
ta are multiplexed for transmission to the other side. 

Telephone networks have traditionally provided a 
rich set of features for voice telephone calls. One of 
these features is call waiting. This feature involves in- 
terrupting of an ongoing first call with an audible indica- 
tion that a second call has arrived for one of the parties 
to the first call. The called party is then given a chance 
to put the first call on hold or end it, and answer the sec- 
ond call. 

As the use of telephone networks has expanded be- 
yond carrying voice calls -to the carrying of data calls 
via modems, for example- it has become desirable to 
extend the voice-call features to these other types of 
calls as well. Accordingly, data-only modems have been 
modified to support the call waiting feature for data calls. 
Illustrative examples thereof may be found in U.S. Pat- 
ent Nos. 4,852,151 and 5,287,401 . However, effectively 
providing call waiting to multi-media calls, such as voice- 
and-data calls, is a much more complex matter. This is 
because multiple channels of communication are in- 
volved in the call, and so their handling must be properly 
coordinated in providing the feature. As a consequence, 
the call-waiting feature has heretofore not been support- 



ed by voice-and-data modems. 
Summary of the Invention 

5 This invention is directed to solving these and other 
problems and disadvantages of the prior art. Generally 
according to the invention, the call-waiting feature is 
supported on voice-and-data modems and is provided 
thereby to multi-media communications (e.g., voice- 

10 and-data calls). Specifically according to the invention, 
a voice-and-data modem for use in a telecommunica- 
tions system that provides the call-waiting feature in- 
cludes first means that communicate selectively in ei- 
ther voice-plus-data mode or voice-only mode with an- 

15 other voice-and-data modem in the system, and second 
means that respond to receipt of a call-waiting signal by 
causing the first means to transmit to the other modem 
a command to communicate in voice-only mode, by 
causing the first means to communicate-in voice-only 

20 mode, and finally by causing the first means to transmit 
a waiting-call acceptance signal. As a consequence of 
the waiting-call acceptance signal, the communication 
(e.g., call) with the other modem, which is now a voice- 
only communication, is placed on hold, and the waiting 

2S communication is connected to the subject modem. The 
subject modem also includes third means that cause the 
first means totransmit a call-resumption signal when the 
first means is communicating in the voice-only mode. 
As a consequence of the call-resumption signal being 

30 transmitted while the modem is connected to the former- 
ly-waiting communication, the formerly-waiting commu- 
nication is disconnected from the subject modem and 
the on-hold communication is re-connected to the sub- 
ject modem. The subject modem further includes fourth 

35 means that respond to receipt from the other modem of 
a command to communicate in voice-only mode, by 
causing the first means to communicate in voiceonly 
mode. This allows the subject modem to place the com- 
munication with the other modem in voice-only mode 

40 when the subject modem finds itself in the position of 
the other modem (that is, when the waiting call is waiting 
for the other modem and not the subject modem). 

For supporting the ability to return to the initial call 
from a waiting call that is a voice-and-data call, the third 

45 means preferably include select ively-activatable means 
that cause the first means to transmit a command to 
communicate in voice-only mode, that cause the first 
means to communicate in voice-only mode, and that fi- 
nally cause the first means to transmit the call-resump- 

5Q tion signal. The subject modem is thereby returned to a 
voice-only mode of operation prior to being reconnected 
with the on-hold voice-only call with the other mode. 

For supporting the ability to convert the returned-to 
initial call back into a voice-and-data call, the subject 

55 modem further includes conventional selectively-acti- 
vatable means that cause the first means to transmit a 
command to the other modem to change from commu- 
nicating in the voice-only mode to communicating in the 
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voice-p I us-data mode, and that cause the first means to 
change from communicating in the voice-only mode to 
communicating in the voice-plus-data mode. 

Preferably, the command transmitted by a modem 
to cause the receiving modem to communicate in voice- s 
only mode is the modem clear-down signal. This allows 
the support for call-waiting to be implemented in voice- 
and-data modems by means of conventional modem 
signaling. 

These and other advantages and features of the in- 
vention will become more apparent from the following 
description of an illustrative embodiment of the invention 
taken together with the drawing. 

Brief Description of the Drawing 

FIG. 1 is a block diagram of an illustrative telecom- 
munications system that implements an illustrative 
embodiment of the invention; 
FIGS. 2-4 are a flow diagram of operations per- 
formed by elements of the telecommunications sys- 
tem of FIG. 1 to implement an embodiment of voice- 
and-data modem call waiting; and 
FIG. 5 is a diagram of communications forms en- 
gaged in by elements ol the telecommunications 
system of FIG. 1 during the operations of FIGS. 2-4. 

Detailed Description 

Referring to FIG. 1 , a telephone system includes a 
switching system 10, such as a telephone local central 
office, that provides telephone connections over analog 
telephone lines 14-16 between terminal equipment 
11-13 of subscribers. Switching system 10 provides 
subscribers with the call-waiting feature. Each subscrib- 
er's terminal equipment includes a voice terminal 20, 
such as a telephone, or a data terminal 21, such as a 
PC plus a modem 22, or both as in the case of terminal 
equ ipment 1 1 . In the case of terminal equipment 1 2 ; the 
modem is designated as 25 to differentiate it from the 
modem 22 of terminal equipment 11, but the two mo- 
dems are functionally compatible. In order to permit si- 
multaneous use of both voice terminal 20 and data ter- 
minal 21 on a single telephone line 14, modem 22 is a 
voice-and-data modem. Voice-and-data modems are 
known in the art. Modem 22 is illustratively constructed 
according to the teachings of U.S. Patent No. 5,081 ,647. 

Modem 22 comprises a hybrid circuit 30 which in- 
terfaces the other circuitry of modem 22 to telephone 
line 14, and a digital signal processor (DSP) 31 which 
performs the signal processing functions such as carrier 
modulation and demodulation, control signal generation 
and detection, and analog/digital conversion. Modem 22 
further comprises an analog interface 32 which interfac- 
es voice terminal 20 to DSP 31 via a voice channel 23, 
and a microprocessor 33 which interfaces data terminal 
21 to DSP 31 via a data channel 24 and also controls 
the operation of modem 22. Both DSP 31 and micro- 



processor 33 are program-controlled devices that in- 
clude memory for storing programs that they execute on 
processing units. 

At least one of the other terminal equipment 12-13 
also must include a voice-and-data modem 25, so that 
a user of terminal equipment 11 has a counterpart with 
whom he or she can carry on simultaneous voice-and- 
data calls. Such calls are set up and torn down in the 
conventional manner. 

A call between terminal equipment 11 and .12 is set 
up as a baseband call, i.e., a normal telephone call, in 
that DSPs 31 at both ends of the call engage in normal 
telephone signalling to set up the call. If the call was 
initiated or accepted at a voice terminal of terminal 
equipment 11 or 12, the call will remain, at least tempo- 
rarily after being set up, a baseband call. In a baseband 
call, modems 22 and 25 are in a voice-only mode of op- 
eration, wherein DSP 31 of modem 22 directly connects 
voice channel 23 to the telephone line 14. Modem 25 
does likewise. The effect is as if voice terminals were 
directly connected to telephone lines 14 and modems 
22 were not there. This is illustrated by call 504 in FIG. 
5. Later in response to a user request, or if the call was 
initiated and accepted at data terminals of terminal 
equipment 11 and 1 2, modems 22 and 25 undertake sig- 
nalling between each other across the call connection 
to convert the call to a voice-and-data call where both 
voice and data are conveyed on the call path in modu- 
lated form on separate channels (separate carriers). 
This is illustrated by call 500 in FIG. 5, showing the sep- 
arate modulated voice channel 501 and the modulated 
data channel 502 of the voice-and-data call 500. 

Let us assume that there is a voice-and-data call in 
existence between terminal equipment 11 and 12, and 
that another call for terminal equipment 11 comes into 
switching system 1 0, from terminal equipment 1 3 for ex- 
ample. The other call can be of any type: voice, data, or 
voice-and-data. It is represented by call 503 in FIG. 5. 
Since switching system 1 0 was described above as pro- 
viding the call-waiting feature, switching system 10 re- 
sponds to the incoming call by transmitting a conven- 
tional call-waiting signal on telephone line 14 to terminal 
equipment 1 1 , in the conventional manner. 

As described so far, the telephone system of FIG. 
1, including modems 22 and 25, is conventional in con- 
struction and operation. 

FIG. 2 shows the response of modem 22 of terminal 
equipment 1 1 to the call-waiting signal sent by switching 
system 10 at step 200. According to the invention, DSP 
31 is monitoring telephone line 14 for baseband control 
signals, and upon detecting the call-waiting signal, at 
step 202 of FIG. 2, that was sent by switching system 
10 at step 200, DSP 31 generates a replica of the call- 
waiting signal on voice channel 23, at step 204. The rep- 
lica of the call-waiting signal is made audible to the user 
by voice terminal 20. DSP 31 also sends a call-waiting 
message (e.g., an interrupt) to microprocessor 33, at 
step 206. Upon receiving the message, at step 208, mi- 
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croprocessor 33 sends a message to data terminal 21 
to advise it that there is another call waiting, at step 21 0. 
Data terminal 21 preferably displays a message to the 
user to advise the user that there is another call waiting, 
and prompts the user to enter a response. 

The user can respond in one of three ways: ignore 
the waiting call, end the present call, or put the present 
call on hold and answer the waiting call. The first two of 
these three scenarios are conventional. 

If the user elects to ignore the second, waiting call, 
nothing further happens with respect to the waiting call 
from the perspective of modem 22, and the first call con- 
tinues uninterrupted. 

If the user elects to end the first, present, call, the 
call termination is handled conventionally: data terminal 
21 sends a message to microprocessor 33 indicating 
that the present call is being terminated, microprocessor 
33 sends a notification to that effect to DSP 31 , and DSP 
31 engages in requisite signalling with terminal equip- 
ment 12 and switching system 10 to end the call and 
tear down the call path. Once this is accomplished, 
switching system 10 and modem 22 interact in a con- 
ventional manner to connect the new call to terminal 
equipment 11, same as if terminal equipment 11 had 
been idle when the second call was received by switch- 
ing system 10. 

FIG. 3 shows what happens if the user of terminal 
equipment 11 elects to answer the second, waiting, call. 
Data terminal 21 sends a message to microprocessor 
33 requesting that the waiting call be picked up (i.e., an- 
swered), and microprocessor 33 receives the message 
at step 300. in response, microprocessor 33 requests 
DSP 31 to take modem 22 into voice-only mode of op- 
eration, at step 302. Upon receiving the request, at step 
304, DSP 31 of modem 22 sends a conventional modem 
clear-down signal across the call connection to modem 
25 of terminal equipment 1 2, at step 306. DSP 31 of mo- 
dem 22 then awaits receipt of a response to the clear- 
down signal from modem 25 of terminal equipment 12, 
at step 308; If the response is not received within a pre- 
determined period of time, DSP 31 of terminal equip- 
ment 11 proceeds as if the response signal had been 
received, as indicated at step 310. 

Meanwhile, the clear-down signal that was sent by 
DSP 31 of modem 22 is received by modem 25 of ter- 
minal equipment 12, at step 350. Modem 25 responds 
by sending a response signal across the call connection 
to terminal equipment 11, at step 352. Modem 25 then 
goes into voice-only mode, at step 354. Modem 25 now 
monitors the telephone line 15 for appearance of a call- 
ing tone that would signal resumption of normal (voice- 
plus-data mode) modem communication, at step 470 of 
FIG. 4. The call now has the form indicated by 504 in 
FIG. 5. 

DSP 31 of modem 22 receives the response signal, 
at step 308, and responds by going into voice-only 
mode, at step 312. DSP 31 then generates and sends 
a conventional hookswitch flash signal on telephone line 



14, at step 314. The hookswitch flash signal is detected 
by switching system 10 : at step 330. In response, 
switching system 10 puts the first call, between termi- 
nals 11 and 12, on hold, at step 332, thereby discon- 

5 necting it from telephone line 14, and instead connects 
the second, waiting, call to telephone line 14, at step 
334. The call now has the form indicated by 505 in FIG. 
5. Terminal 11 now has a voice connection established 
with the second call, and DSP 31 of modem 22 monitors 

10 telephone line 14 for appearance of a calling tone that 
would signal startup of normal modem communications, 
at step 356. 

The second call can now proceed as a voice-only 
call, or can be converted into a voice-and-data call, in 
is the conventional manner, by a modem at either end of 
the call transmitting a conventional calling tone. This 
form of the call is indicated by 506 in FIG. 5. 

To drop the second call and reinstate the original, 
first, call that is now on hold, the user of terminal 11 ei- 
20 ther makes an appropriate selection at data terminal 21 , 
such as by clicking a cursor on a displayed reinstate icon 
if the second call is ending as a voice-plus-data call, or 
by generating a hookswitch flash at voice terminal 20 if 
the second call is ending as a voice-only mode call. FIG. 
25 4 shows what happens when the user generates the re- 
instate request. If the user generated the reinstate re- 
quest at data terminal 21, data terminal informs micro- 
processor 33 via a message which microprocessor 33 
receives at step 400. In response, microprocessor re- 
30 quests DSP 31 to take modem 22 into voice-only mode 
of operation, at step 402. Upon receiving the request, at 
step 404, DSP 31 checks whether modem 22 is already 
in voice-only mode, at step 405. If so, DSP 31 proceeds 
to steps 422 et seq.; if not, DSP 31 sends the conven- 
es tional modem clear-down signal across telephone line 
14, at step 406. Since there is presently a connection of 
telephone line 14 to telephone line 16 and not to tele- 
phone line 15 at switching system 10, terminal 13 re- 
ceives this signal but terminal 12 does not. DSP 31 of 
40 modem 22 then awaits receipt of a response to the clear- 
down signal from terminal equipment 1 3, at step 408. If 
the response is not received within a predetermined pe- 
riod of time, DSP 31 of modem 22 proceeds as if the 
response signal had been received, as indicated at step 
45 410. Upon receipt of the response signal or expiration 
of the timeout period, DSP 31 of modem 22 goes into 
voice-only mode, at step 412. 

If the user of terminal equipment 11 generated the 
reinstate request at voice terminal 20 in voice-only 
50 mode, DSP 31 of modem 22 receives the hookswitch 
flash via voice channel 23, at step 420. In response to 
receipt of the hookswitch flash, or following step 412, 
DSP 31 of modem 22 generates and transmits a hooks- 
witch flash signal on telephone line 1 4, at step 422. The 
55 hookswitch flash signal is detected by switching system 
10, at step 450. In response, switching system 10 ter- 
minates the second call and the call's path extending 
from switching system 10 to terminal equipment 13, at 
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step 452. The call now has the form indicated by 507 in 
FIG. 5. Switching system 10 then takes the first call off 
hold, at step 454, thus reconnecting terminal 11 with ter- 
minal 12. Terminal 11 now has a voice-only call connec- 
tion with terminal 1 2. This is indicated by call 508 in FIG. s 
5. And both DSP 31 of modem 22 and modem 25 mon- 
itor the telephone connection between them for appear- 
ance of a calling tone that would signal startup of normal 
modem communications, at steps 424 and 470, respec- 
tively. 

Either modem 22 or 25 is free to restart the normal 
modem communications upon request from its user. If 
the user of terminal equipment 11 indicates to data ter- 
minal 20 a desire to startup the modem, data terminal 
20 sends a modem startup request to microprocessor 
33, which receives it at step 430 and passes it on to DSP 
31 at step 432. DSP 31 receives the request at step 434, 
and in response generates the conventional modem 
calling tone on the connection across telephone line 14 
with terminal 12. DSP 31 then restarts the voice-plus- 
data operation of modem 22, in a conventional manner, 
at step 438 When modem 25 of terminal 12 receives 
the calling tone that was sent by modem 22 of terminal 
1 1 . at step 470. it responds by also restarting its voice- 
plus-data operation, in a conventional manner, at step 
488. 

If the user of terminal equipment 12 issues a re- 
quest to terminal equipment 12 indicating a desire to 
start up the modem, modem 25 receives the request at 
step 484, and in response generates the calling tone on 
the connection with terminal 1 1 . Modem 25 then restarts 
the voice-plus-data operation, at step 488. When DSP 
31 of modem 22 receives the calling tone that was sent 
by modem 25 of terminal 1 2, at step 424, it responds by 
also restarting its modem's voice-plus-data operation, 
at step 438. 

In either scenario, the call is now returned to the 
state that it had been in prior to switching system 10 
sending the call-waiting signal at step 200 of FIG. 2. This 
is indicated by call 509 in FIG. 5. 

Of course, various changes and modifications to the 
illustrative embodiment described above will be appar- 
ent to those skilled in the art. For example, the construc- 
tion of the modem may be simplified by eliminating the 
microprocessor and incorporating its functions into the 
DSP. Conversely, the single DSP may be replaced by 
separate DSPs for the modem functions and the voice- 
processing functions. Or, the modem and the telephone 
may be integrated into a single device. Instead of send- 
ing a clear-down signal as a command to the other mo- 
dem to go into voice-only mode, a modem may simply 
cease generating the data channel carrier signal to in- 
dicate to the other modem to go to voice-only mode. Al- 
so, the analog interface of the modem may include 
voice- recognition circuitry that responds to voice com- 
mands from the user, thereby allowing the user to pick 
up a waiting call and to resume a held call by means of 
voice commands. Moreover, the modem need not be an 



analog modem but may be a digital modem. In a tele- 
communications system that generates multiple types 
of call-waiting signals, the modem may individually rec- 
ognize these call-waiting signals and regenerate for the 
user whichever one of these call-waiting signals has 
been received. Furthermore, the telephone line may be 
either an analog or a digital line. In the case of a digital 
line, the modem employs a vocoder, and sending of the 
call-waiting signal from the switching system on the dig- 
ital line involves interruption of the vocoder. Such chang- 
es and modifications can be made without departing 
from the spirit and the scope of the invention and without 
diminishing its attendant advantages. It is therefore in- 
tended that such changes and modifications be covered 
by the following claims. 



Claims 

1 . A voice-and-data modem (22) for use in a telecom- 
munications system wherein receipt of a second 
communication for connection through the modem 
while the modem is engaged in a first communica- 
tion results in receipt (31 ) of a call-waiting signal at 
the modem, wherein transmission (314) of a wait- 
ing-call acceptance signal from the modem results 
in the first communication being placed on hold 
(332) and connection (334) of the second commu- 
nication to the modem, and wherein transmission 
(422) of a call-resumption signal from the modem 
results in disconnection (452) of the second com- 
munication from the modem and reconnection (454) 
of the on-hold first communication to the modem, 
the voice-and-data modem 
CHARACTERIZED BY 

first means (31 ) for communicating selectively 
in voice-plus-data mode and in voice-only 
mode with another voice-and-data modem (25) 
in the telecommunications system; 
second means (31 , 33) responsive to receipt 
(202) of the call-waiting signal, for causing 
(302) the first means to transmit (306) to the 
other modem a command to communicate in 
voice-only mode, for causing the first means to 
communicate in voice-only mode (31 2), and for 
causing the first means to transmit (314) the 
waiting-call acceptance signal; 
third means (32, 33) for causing (402) the first 
means to transmit (422) the call-resumption 
signal when the first means is communicating 
in the voice-only mode; and 
fourth means (31, 33) responsive to receipt 
(350) from the other modem of a command to 
communicate in voice-only mode, for causing 
the first means to communicate in voice-only 
mode (354). 
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The modem of claim 1 comprising: 

selectively-activatable means (33) for caus- 
ing the first means to transmit (436) a command to 
the other modem to change (488) from communi- 
cating in the voice-only mode to communicating in 
the voice-plus-data mode, and for causing the first 
means to change (438) from communicating in the 
voice-only mode to communicating in the voice- 
plus-data mode. 

The modem of claim 1 wherein: 

the first means communicate only via a base- 
band audio channel in the voice-only mode, and 
communicate via a data-modulated carrier first 
channel and an audio-modulated carrier second 
channel in the voice-plus-data mode. 

The modem of claim 1 wherein: 

the second means are responsive to receipt of 
the call-waiting signal while the first means is 
communicating in voice-plus-data mode, for 
causing (302) the first means to transmit (306) 
to the other modem a command to change from 
communicating in voice-plus-data mode to 
communicating in voice-only mode, for causing 
the first means to change (31 2) from communi- 
cating in voice-plus-data mode to communicat- 
ing in voice-only mode, and for causing the first 
means to transmit (31 4) the waiting-call accept- 
ance signal; and 

the fourth means are responsive to receipt 
(350) from the other modem of a command to 
communicate in voice-only mode, while the first 
means is communicating in voice-plus-data 
mode, for causing the first means to change 
(354) from communicating in voice-plus-data- 
mode to communicating in voice-only mode. 

The modem of claim 4 wherein: 

the third means are activatable while the first 
means is communicating in voice-plus-data mode 
with a third voice-and-data modem in the telecom- 
munications system, for causing (402) the first 
means to transmit (406) to the third modem a com- 
mand to change from communicating in voice-plus- 
data mode to communicating in voice-only mode, 
for causing the first means to change (412) from 
communicating in voice-plus-data mode to commu- 
nicating invoice-only mode, and for causing the first 
means to transmit (422) the call-resumption signal. 

The modem of claim 1 wherein: 

the second means are responsive to the re- 
ceipt of the call-waiting signal, for regenerating 
(204) the call-waiting signal on an audio channel for 
a user of the modem. 



The voice-and-data modem of claim 1 wherein: 

the second means comprise 

selectively activatable means (31 , 33) re- 
sponsive to receipt (202) of the call-waiting sig- 
nal on a communication line while the first 
means is engaged in a voice-and-data mode 
first communication on the communication line 
with another voice-and-data modem, (a) for 
causing (302) the first means to transmit (306) 
across the communication line to the other mo- 
dem a command to communicate in voice-only 
mode on the communication line, (b) for caus- 
ing the first means to communicate (312) in 
voice-only mode on the communicatbn line, 
and (c) for causing the first means to transmit 
(314) the waiting-call acceptance signal on the 
communication line to cause the first commu- 
nication to be placed on hold (332) and to cause 
a second communication to be connected (334) 
to the modem across the communication line; 
the third means comprise 

selectively activatable means (32, 33) for 
causing (302, 420) the first means to transmit 
(422) the call-resumption signal on the commu- 
nication line after the modem has been con- 
nected to the second communication across 
the communication line to cause (450) the sec- 
ond communication to be disconnected (452) 
from the communication line and to cause the 
first communication to be reconnected (454) to 
the communication line; and 
the fourth means comprise 

means responsive to receipt (350) across 
the communication line of a command to com- 
municate in voice-only mode, while the first 
means is engaged in a voice-plus-data mode 
third communication on the communication line 
with the other voice-and-data modem, for caus- 
ing the first means to communicate (354) in 
voice-only mode on the communication line. 

8. The modem of claim 7 wherein: 

the selectively activatable means of the third 
means are activatable after the modem has been 
connected to the second communication and while 
the first means is communicating in voice-and-data 
mode, (a) for causing (404) the first means to trans- 
mit (406) across the communication line a com- 
mand to communicate in voice-only mode on the 
communication line, (b) for causing the first means 
to communicate (412) in voice-only mode on the 
communication line, and (c) for causing the first 
means to transmit (422) the call- resumption signal 
on the communication line. 

9. The modem of claim 7 wherein: 

the second means are responsive to the re- 
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ceipt (202) of the call waiting signal, for regenerat- 
ing (204) the call-waiting signal on an audio channel 
for a user of the modem. 

10. The modem of claim 1 wherein: $ 
the command to communicate in voice-only 
mode comprises a modem clear-down signal. 
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(54) Voice-and-data modem call-waiting 

(57) The call-waiting feature is supported on voice- 
and-data modems (22,25) by causing voice-and-data 
modems to go into voice-only mode upon receipt of the 
modem clear-down signal (352-354). A first voice-and- 
data modem (22) engaged in an initial voice-and-data 
call with a second voice-and-data modem (25) responds 
to receipt of a call-waiting signal by generating a replica 
of the call-waiting signal on the user's audio channel. 
The first modem responds to a user request (300) to pick 
up the waiting call by sending (306) the modem clear- 
down signal to the second voice-and-data modem, go- 



ing (312) into voice-only mode, and transmitting (314) a 
waiting-call acceptance signal. The initial call that is 
placed (332) on hold is thus a voice-only call. While in 
a voice-plus-data picked-up waiting call, the first modem 
responds to a user request to reinstate the initial call by 
again sending the modem clear-down signal, going into 
voice-only mode, and transmitting a call-resumption sig- 
nal. The first modem is thus in voice-only-mode when it 
is re-connected to the initial, voice-only, call. The re-con- 
nected initial call may now be re-converted into a voice- 
plus-data call in the conventional manner. 
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